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PLANNING AND ASSESSMENT OF A WORKSHOP ON UNDERGRADUATE EDUCATION IN BIOMETRIC SYSTEMS ABSTRACT
Biometrics is the science of recognizing and authenticating people using their physiological features. The global biometrics market has a compound annual growth rate of 21.3 percent. There is much research interest in different biometric systems, which has led to increasing efforts in ensuring that biometrics is taught at the undergraduate level. The authors are in the final year of an NSF TUES Type 2 grant that is based on the theme of vertically integrating biometrics experiments throughout the undergraduate curriculum. Three universities have joined together in this effort. This paper describes the planning and assessment of a 3 day workshop that is based on the NSF funded effort. Fifteen faculty from across the country participated in this workshop. Undergraduate and graduate students also attended. The key points of the workshop included invited lectures and hands-on laboratory activities. The invited lectures included a tutorial on biometrics, detailed lectures on speaker recognition and a lecture on how to assess an educational intervention. The hands-on activities were presented such that the attending faculty could take them back to their respective universities. The workshop assessment results are very positive with respect to organization, quality of the invited lectures, quality of the handson activities and the social program.
INTRODUCTION AND BACKGROUND
Biometrics is the science of recognizing and authenticating people using their physiological features [1] . Border and immigration control, restricted access to facilities and information systems, cybersecurity, crime investigations and forensic analysis are just a few of the primary application areas of biometrics used by commercial, government and law enforcement agencies. The global biometrics market has a compound annual growth rate of 21.3 percent. There is much research interest in different biometric systems and this has led to increasing efforts in ensuring that biometrics is taught at the undergraduate level [2] [7] . The authors are in the final year of an NSF TUES Type 2 grant that is based on the theme of vertically integrating biometrics experiments throughout the undergraduate curriculum [7] . Three universities have joined together in this effort [8] 
Biometrics involves signal/image processing in a pattern recognition framework [13] [14] . There are two types of biometric systems. Biometric identification (BID) systems identify a person among a set of people whereas biometric verification (BV) systems accept or reject a person's claimed identity. Five biometric systems are considered in this project, namely, face, speech, iris, signature and fingerprint. Although fingerprint recognition forms the largest share of today's market [15] , there are practical tradeoffs with other systems as given in Table 1 [15] . This exemplifies the need for further research and educational activities pertaining to a variety of biometric systems. Face-based and speech-based recognition systems are particularly promising as their accuracy is improved. • Unique: The probability of the physiological/behavioral characteristic of two different people being the same or resulting in the same biometric features is nearly impossible.
• Easy integration: Biometric recognition technology can easily be integrated into existing security systems or operate as a standalone. No special purpose hardware is needed for integration to a personal computer. This is true of iris, speech and face based systems.
• Cannot be spoofed: The biometric data are not susceptible to theft, loss or compromise. They cannot be artificially duplicated.
• Non-Invasive and Quick: No invasive contact with a subject and quick to give a result.
• Very high accuracy making it a method of choice for airport security and other biometrics applications.
• Little memory required for data to be stored.
• Reasonable cost.
• High user acceptance.
• Little performance degradation due to mismatched training and testing conditions. This is a very important research issue.
As part of the NSF-funded project, the team conducted a 3-day workshop intended to disseminate information on the principles of biometrics and on strategies for introducing biometrics into the undergraduate curriculum. The remainder of this paper discusses the workshop itself.
MOTIVATION AND WORKSHOP OBJECTIVES
In planning a workshop, the objectives must be envisioned and the logistical issues must be continuously addressed and resolved. Meticulous planning is highly essential. At the conclusion, an assessment in the form of a survey will provide constructive feedback. A workshop also needs to have a focus topic. For the workshop discussed in this paper, vertical integration of topics in biometrics for an undergraduate ECE curriculum is the focus. Descriptions of several other workshops have been published with focus topics including information assurance and security education [16] , systems engineering education [17] , teaching pedagogy [18] , and mentorship of women and other underrepresented groups in Science, Engineering and Mathematics to help them succeed in obtaining tenure-track faculty positions and in acquiring tenure [19] .
The motivation and objectives of the workshop are as follows:
1. To develop a cohort of faculty who are either knowledgeable or want to learn about biometrics and are enthusiastic about integrating this topic into the engineering curriculum. 2. To invite leading researchers/educators in the area to give plenary or tutorial lectures. 3. To involve all faculty attendees in key hand-on activities. 4. To disseminate hands-on educational activities and assessment strategies that have proven effective. 5. To provide networking opportunities for faculty who are interested in biometrics.
This will allow for exchange of technical information among people from academia and practitioners in the field. 6. To invite and provide an opportunity for graduate and undergraduate students to attend a technical workshop. 7. To bring higher visibility to Rowan in this important field, and to stimulate more (and larger) workshops and meetings at Rowan. 8. To discuss challenges in the biometrics field and in so doing, potentially form collaborative teams in future research proposals. 9. To help further improve engineering education in biometrics.
ISSUES AND GUIDELINES IN WORKSHOP ORGANIZATION
The basic guidelines in workshop organization are:
1. Start well in advance, ideally one year before the envisioned date. 2. The PI should regularly hold meetings with a subset of the team working on the grant. 3. The PI should designate one of the co-investigators to take the lead role and work with the PI. 4. Get clerical support for making the hotel arrangements and configuring the social program. 5. One of the investigators should work on the assessment survey.
In organizing the workshop, it must be ensured that the budget is exhausted and very little money above the budget is spent. Continuous estimates of the expenses must be made. The issues involved in workshop organization are:
1. When to hold the workshop and for how many days: A weekend in the summer was chosen (July 31, 2015 to August 2, 2015). The workshop started on Friday morning and ended soon after lunch on Sunday. The attendees arrived on the evening of July 30.
Where to hold it:
We chose to accommodate all participants at the Marriott hotel, adjacent to the Rowan campus. The facilities at the Marriott allowed us to hold the morning tutorial lectures there. The afternoon laboratory sessions were held at the Rowan engineering building. Transportation between the two venues was provided. 3. How many participants to invite: Given the budget considerations, 10 faculty from outside were invited. Some came by plane and some drove. In addition, up to 15 Rowan (faculty and students) could be accommodated. 4. Facilities at the Marriott: Ten hotel rooms were reserved. A room for the tutorial lectures was needed that could hold 30 people. This room required projection capabilities. Also, a spare laptop was always ready. Meals were served in the adjacent room. 5. Facilities at Rowan: The first floor atrium was reserved to serve meals and coffee.
It was extremely important to ensure that two computer laboratories were ready for the hands-on activities. A lab technician was briefed on what was to be ready three months in advance. Twenty Windows based computers at Rowan were ensured to work properly and have MATLAB installed. The responsible lab technician was present during the workshop so that there would be no glitches. 6. Decide where the meals and coffee are to be served. This required particular attention in the workshop described here as there were two venues on opposite ends of campus. 7. Invite participants who can give tutorial lectures. Three of the ten participants from outside gave tutorial lectures. The lecture on project assessment was given by the Rowan faculty on the team who was responsible for project evaluation. 8. Decide which hands-on activities are to be demonstrated:
• Since a freshman level module in biometrics is highly useful to many universities, a freshman face recognition module was the first hands-on activity [8] .
• A senior level project in speaker recognition was chosen as the second activity [9] .
WORKSHOP PROGRAM
The actual workshop agenda as it was presented to attendees is shown below: 
ASSESSMENT RESULTS
Nineteen participants filled out the survey of which 14 were faculty with five or more years of experience, two were faculty with less than five years of experience and three were graduate students. Also, three have worked extensively in biometrics, six have some experience working in biometrics, one has significant knowledge of biometrics but has not worked in the area, seven have some familiarity with biometrics but have not worked in the area and two have no significant knowledge of biometrics. Table 2 gives the results of the assessment survey regarding the tutorial lectures and the hands-on activities. For each question, the ratings are on a scale from 1-5, with 5 indicating "very informative" and 1 indicating "not at all valuable". .
Outcome or Question
Mean The last question on the survey was to consider the statement: "The workshop was a positive and valuable experience''. The ratings are on a scale from 1-5, with 5 indicating "strongly agree" and 1 indicating "strongly disagree". The mean score is 4.88. The median score is 5.
Participants were also asked to give comments. The complete list of comments is as follows:
1. Faculty: I was very impressed with both labs. 2. Faculty: This workshop is really well organized and provides a lot of useful information. I really appreciate the wonderful experience. Thanks 3. Faculty: The talk by Dr. Jain was a very good overview. Dr. Ogunfunmi's talk was excellent and comprehensive but lengthy. More details of the speaker identification lab is needed. 4. Faculty: Dr. Jain's keynote tutorial was excellent. 5. Faculty: Not my field but the attendees were very interactive. It was nice meeting new people outside of my field. 6. Graduate student:
• Dr. Jain gave an informative introductory talk on biometrics. It was clear and showed the mastery that Dr. Jain commands on the subject of biometrics. He proved to me that the subject area is relevant and important for future research.
• Dr. Ogunfunmi delved specifically into my research area related to speech coding/speech processing. He gave specific and thorough explanations of the material. It may have been hard to follow if I had no background in speech processing.
• Dr. Smolenski was able to provide real industry perspective into biometrics specifically regarding speaker recognition. Knowing what is used in practice in real settings is very informative to those who research speaker recognition under controlled lab settings.
• For people involved in biometrics, the workshop was informative. For people not involved in biometrics, I believe the workshop showed the importance of the subject matter.
SUMMARY AND CONCLUSIONS
This paper discusses the motivation and logistical issues involved in organizing an educational workshop. The purpose of the workshop in this case was to disseminate information about biometrics and to disseminate strategies for integrating this information into the undergraduate curriculum. The assessment results show that the program was highly successful in meeting these goals. This workshop will also serve as a model for similar and larger workshops held at Rowan in the future.
